T o supply the 13.6 million red blood cell (RBC) units that were transfused in the United States in 2013, 6.8 million volunteer individuals donated. 1 The majority of donors are white, but as the population diversifies, a more diverse blood donor population will be needed to maintain a safe and adequate supply. 2 There remains substantial underrepresentation of minorities in the blood donor population, particularly among blacks or African Americans. In 2010, 72.1% of donors were white, 8.5% Hispanic or Latino, 4.9% black or African American, 3.2% Asian, 0.8% American Indian or Alaska Native, and 0.2% Native Hawaiian or other Pacific Islander, 2 while in the US population, 63.7% were non-Hispanic white, 16.3% Hispanic or Latino of any race, 12.6% black or African American, 4.8% Asian, 0.9% American Indian or Alaska Native, and 0.2% Native Hawaiian or other Pacific Islander. 3 The remainder of the donor and general populations are composed of people of unknown, mixed, or other races/ethnicities. Thus, substantial differences between the donor and general populations remain, and as the demographics of the United States continue to change, blood centers must focus on minority recruitment. To overcome the underrepresentation of black or African American blood donors, some blood centers have implemented minority recruitment programs. 4 An important goal of these programs is to provide RBCs to support patients with hemoglobinopathies and others who require frequent transfusion. 4, 5 These programs generally attempt to schedule blood drives in religious settings or at other large minority gatherings using motivational letters or presentations specifically mentioning the role of minorities in specialized patient care. Although it does not appear these programs are resulting in increased black or African American donor recruitment, 2 they may be recruiting more first-time (FT) minority or young donors. A recent study by the Biomedical Excellence for Safer Transfusion (BEST) collaborative featuring US-based blood collectors analyzed the number of RBC donations stratified by the donors' race/ethnicity during the 10-year period from 2006 through 2015. This general, high-level analysis demonstrated that blood centers have not increased the number or percentage of minority donors, collections, or the actual number of RBC units donated by members of these racial/ ethnic groups. 2 The question remains as to whether there is a difference in the donation habits among donors of different racial/ethnic groups or of different ages compared to similarly aged white individuals and if blood centers are having more success recruiting and retaining younger versus older minority donors compared to white donors.
MATERIALS AND METHODS
Information on RBC donors, stratified by racial/ethnic group, age at the time of donation, and FT or repeat (R) donor status was collected for the calendar years 2006, 2009, 2012 , and 2015 by eight large US blood collectors. One large blood collector also collected data by donor sex over those 4 years. These blood centers are headquartered in the following cities: Chicago, Illinois; Dallas, Texas; Milwaukee, Wisconsin; New York, New York; Pittsburgh, Pennsylvania; Richmond, Virginia; Scottsdale, Arizona; and Seattle, Washington. They collect blood in a total of 17 states. Each of these collection centers asks donors to self-identify their race/ethnicity from predefined categories on the donor questionnaire at the time of donation. As the list of race/ethnicities from which the donors could choose was not uniform between the participating blood centers, the different races/ethnicities reported by the blood centers were combined into the categories promulgated by the National Institutes of Health. 6 For this study, only information on Asian, black or African American, Hispanic or Latino, and white donors was collected, as they comprise the majority of the donor base. Stratified by these four racial/ethnicity categories, the information collected for this study included the number of unique donors who gave at least one successful allogeneic apheresis or whole blood RBC donation per year, the total number of RBC units donated per year, and at one center, the sex of the donors. In addition, each donor's FT versus R donation status was determined. FT and R donor status was determined by each center's definitions; a donor who made his or her first donation at any point during the study period would generally have been considered an FT donor, and someone who returned to donate during the study period would generally have been considered an R donor. As this was a 10-year longitudinal study of donor habits, all of the eligible RBC donations made at any point during the study period were included, that is, the donors' FT and R status did not "reset" itself every year but rather their donation habits during the entire period were evaluated. Double-RBC units collected by apheresis were counted as 2 units but as one donation episode. RBC units processed into pediatric aliquots were counted as 1 unit, regardless of the number of aliquots produced. Units used for quality control testing and those lost to issues related to collecting, processing, and handling issues at the blood center were included in the total number of units collect- The slopes of the regression lines plotted using the data from the 4 years when it was collected were calculated using the proportion data for all variables, except for the mean annual number of RBC units donated per person where the absolute numbers were used (Microsoft Excel 2010). These slopes represent the rates of change in the variables over the 10 years of the study and are presented as the rate of change in Tables 1 and 2 . Participating institutions submitted exemption requests to an institutional review board as required by local policy. 
RESULTS

Blood collection center demographics and overall proportion of donors and RBC units
In total, eight US blood collectors participated in this study. Among these collectors, there were 5,907,614 (FT 1,428,986 and R 4,478,628) donors and 9,107,581 (FT 1,574,213 and R 7,533,368) RBC units donated during the four data collection years that spanned a 10-year time period. Figure 1 demonstrates the overall mean proportions of unique FT (Fig. 1A) and R (Fig. 1B) Figure 1 also demonstrates the overall mean percentage of RBC units donated by unique FT (Fig. 1C) and R (Fig. 1D) 
Trends among unique FT donors
Among FT donors in all racial/ethnic groups, donors less than 20 years old comprised the highest proportion of unique donors, while FT donors at least 60 years old comprised the lowest proportion of unique FT donors for all ethnic groups (Fig. 2) . This was especially marked for the FT Hispanic or Latino donors who were less than 20 years old; these particular donors demonstrated a relative increase in the proportion of unique FT donors of 24.3% Table S1 , available as supporting information in the online version of this paper). The rate of change (slope of the regression line or trend) of the proportion of unique FT Hispanic or Latino donors less than 20 years old was also positive at 1.3 (Table 1) . Black or African American FT donors less than 20 years old also demonstrated a 20.0% increase in their relative proportion of donors between 2006 and 2015, and they too had a positive yearly rate of change at 0.90. However, the absolute number of black or African American FT donors less than 20 years old actually decreased slightly from 12,883 in 2006 to 11,946 in 2015, which was part of the overall decrease of 7,554 black or African American FT donors in all age groups combined during the study period (Table S1 ). Between 2006 and 2015, the Asian FT donors less than 20 years old demonstrated little relative change in their proportion of unique donors at 1.7%, while the white donors less than 20 years old demonstrated an 8.2% increase in proportion.
Trends among unique R donors
The trends among R donors were less consistent between racial/ethnic groups (Fig. 3) . Hispanic or Latino donors less than 20 years old demonstrated a large relative increase of 67.6% between 2006 and 2015, with a positive yearly rate of change (the trend) of 1.1 (Table 2) . There was also a large increase in the absolute number of R Hispanic or Latino donors less than 20 years old during the study period, from 12,086 in 2006 to 27,214 in 2015, which was commensurate with an overall increase in the total number of Hispanic or Latino donors in all age groups combined between these 2 years of 29,867 donors (Table  S2 , available as supporting information in the online version of this paper). Interestingly, among R white donors between 2006 and 2015, there was a 70.1% increase in the proportion of donors who were at least 60 years old while fewer R donors aged 40 to 49 years donated RBC units (a relative decrease of 37.0%), such that by 2015 the two largest age categories of white R donors were those between 50 and 59 and those 60 or older (Fig. 3A) . Between 2006 and 2015, both black or African American and Asian R donors at least 60 years old also demonstrated large relative increases (80.7 and 75.0%, respectively; Table 2 , Figs. 3B and 3D) as well as increases in the absolute number of unique donors in this age group of 1,606 and 892, respectively (Table S2) .
Trends in the proportion of total number of RBC units donated
As expected, the trends in the proportion of the total number of RBC units donated paralleled that of the proportion of unique donors for both FT (Fig. 4, Table 1 ) and R (Fig. 5,  Table 2 ) donors. FT donors less than 20 years old donated (Fig. 5C ). White R donors 50 to 59 years old donated the highest proportion of the units donated by white R donors, except in 2015 when the proportion of units donated by white R donors at least 60 years old was marginally higher (Fig. 5A) .
Trends in the annual mean number of RBC units donated per donor
The annual mean number of RBC unit donations per donor among FT donors less than 20 years old was slightly higher than that for all of the other age groups for all racial/ethnic groups, except for several of the racial/ethnic groups in 2015 where the mean number of donations per donor among FT donors aged 20 to 29 was similar to that of donors less than 20 years old (Table 1 ). This was caused by a higher rate of double-RBC donations made by FT donors less than 20 years old compared to the other age groups. For all races/ethnicities, the annual mean number of RBC unit donations per donor among R donors was proportional to age over the 10 years studied (on average < 20 years old 1.31, 20-29 years old 1.41, 30-39 years old 1.47, 40-49 years old 1.56, 50-59 years old 1.68, and 60 years old 1.81). Among R donors, those less than 20 years old had some of the lowest annual mean number of RBC unit donations per donor compared to all of the other age groups among all racial/ethnic groups (Fig. 6 , Table 2 ). This pattern is the opposite of R donors at least 60 years old who represented only a small fraction of the proportion of all unique R donors in all of the racial/ethnic groups except for white donors (Fig. 3) , but who returned to donate frequently (Fig. 6) .
For all of the above-mentioned variables, most centers demonstrated similar trends in these variables to what is presented in the figures. Some centers had persistently small numbers of certain racial/ethnic donors, which made interpreting the trends in these variables over time at these centers difficult.
Trends by sex
One large blood collector that supplied 40.3% of all of the RBCs analyzed in this study was able to analyze their number of unique FT and R donors and the number of RBC units donated by sex in addition to by age and ethnic/racial group (data not shown). There was a slightly higher mean annual number of RBC units donated per male donor compared to female donor that was apparent in most of the age and racial/ethnic groups, as expected. However, comparing male to female FT and R donors by age and ethnic/racial group, there were no differences in the proportions of unique donors or in the proportion of the total number of RBC units donated at this center.
DISCUSSION
White donors have continued to represent the majority of FT and R donors through 2015, particularly among older age groups. However, the proportion of both FT and R white donors, and the respective number of RBC units donated, has decreased over 10 years. This is almost entirely due to the increase in Hispanic or Latino donors. The number of unique FT donors has only dramatically increased for Hispanic or Latino less than 20-year-old donors, but not for any of the other ethnic/racial groups. For R donors the blood supply is heavily reliant on older white donors. Among Hispanic or Latino donors, there was a notable increase in the proportion of donors and RBC units donated by those who were less than 20 years old starting in 2012. It is unclear why this occurred as none of the participating blood centers made a special effort to recruit these donors starting in 2012, but it is likely that this increase was a by-product of more frequent high school blood drives and thus perhaps a reflection of the changing demographics of the high school population. An evolving literature on iron stores in blood donors indicates that care should be exercised when collecting blood from high school donors as absent iron stores and iron-deficient erythropoiesis was higher among younger female donors compared to older female donors, while iron-deficient erythropoiesis was higher in male donors aged 20 to 29 compared to older male donors. 7 As RBC donation frequency is an important predictor of iron deficiency, 7 carefully monitoring the iron status of, or limiting donations from, the donors most at risk of iron deficiency would seem prudent especially as the blood centers in this study collect blood from donors as young as 16 years of age. These data highlight a concern regarding the sustainability of the blood supply. A total of 13.6 million RBC units were collected in the United States in 2013 to satisfy the constant demand for transfusions. The blood supply is constantly adapting to changes in RBC demand (particularly for group O D-and selected antigen-negative units) and economic pressures. 1 In addition, these data confirm the concern that shortages are likely to become more common over time due to shifting population demographics. The demand for blood may increase due to the aging population, increased access to health care, and changes in treatment. However, the supply may decrease due to the aging of the donor pool along with the general population and lack of sustained donations among younger individuals (young Hispanic or Latino donors are the exception). 8, 9 Importantly, older white donors, and most white donors, donate more units per unit donor than other races/ethnicities. In this study, older white R donors (age 40-59 years old) donated 3,077,877 RBC units in the 4 years data were collected, which is approximately 2.53 more than all of the units donated by R minorities combined (1,221,331 units). Recent efforts to expand the donor pool by recruiting younger donors have resulted in higher numbers of initial donations 8 ; however, retention of new donors has been a significant problem. The majority of these donors do not return to provide a R donation, [10] [11] [12] and only 2% of FT donors under the age of 20 go on to become committed blood donors. 11 This is reflected in these data where donors less than 20 years old are just as likely to be FT as R donors while for other ages donors are more likely to be R than FT donors.
The need to constantly recruit new donors has potential health, safety, and efficiency implications. With respect to health and safety, R donors are less likely to be deferred for poor health 13 and to transmit infections such as human immunodeficiency virus, hepatitis B, and hepatitis C.
14 Also R donors are half as likely to experience adverse events during the donation compared to FT donors. 15 For efficiency in obtaining needed antigen-negative RBCs, R donors have known blood types and thus targeted recruitment can be used to address community needs. The mean annual number of units donated increased as donors age, such that younger individuals donated among the fewest number of units per year for R donors of all racial/ethnic groups. This should be taken into consideration with iron replacement policies. Also this highlights the dependence on older donors to maintain an adequate blood supply.
The main limitation of this study was that the classification of FT and R donors differed somewhat between the collection centers. Thus, it is possible that donors with the same donation histories might have appeared in different categories between the blood centers. For example, some centers considered a donor to be a FT donor again if the interval between donations exceeded a certain length of time. Conversely at other centers, a donor who returned to make a donation many years after an earlier donation would have been counted as an R donor. Additional confounding behaviors could include the fact that some blood centers employed a check box to indicate if this was the donor's FT at their center; however, people who donate at different sites that are administered by the same blood center might check off the FT donor box if they are donating at a site that is new to them but still under the auspice of the same blood center. Although the extent of these behaviors was not quantified in this study, it is unlikely that they would have a large impact on the overall results as these donors should have been classified as R donors on their second and subsequent donations at the same center. It is also likely that some R donors entered into the next oldest age category during the 10-year study period; thus some donors are likely represented in two different age categories in the dataset reflecting their ages at the time of their donations. Similarly, donors might be represented in both the FT and the R donor categories if they made their first and subsequent donations during this 10-year period. Finally, as the analysis of donor sex was performed using data from only one (albeit large) blood collector, perhaps some differences would have become apparent had the analysis included sex data from all eight participating collectors. This seems unlikely given the number of RBC donors at the collector who provided data and the wide geographical region over which they collect blood in the United States.
In conclusion, the blood supply continues to be heavily reliant upon older white donors, who donate frequently. However, 40% of FT donors are young, and this percentage grew throughout the study. FT donors are more diverse and younger than R donors. Blood centers now need to focus on retaining these FT donors.
